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Abstract ', 

This survey of soil lead in tî e vicinity of old industrial sites examines how the stable isotope 

patterns vary among the sites according to the sources ofthe lead ore processed at eslch site. Lead 

smelters and refineries, which closed down decades ago, are the basis of this investigation. 

Samples were taken from near five okJ factoiy sites in Colliî viife"ein{J«A}t6h (litir<ois),f*onderay 

(Idaho), East Chreago (Indiana) and Omaha (Nebraska), Historical records were searched for 

accounts of the sources of the lead. Lead concentrations .were measured by atomic absorption 

flame spectrophotometry, and stable isotopic analysis was done by plasma ionizatton mass 

spectrometry. At every site visited, remnants of the old factories, m lenns of soil lead pollution, 

could be found. In spite of potential complications of varying amelter fBedstock sourcad from mines 

of different geological age, it was possible to match the isotopic patterns in the soils with the 

documented sources of ttw ores. The Collinsville and Alton sites resemtJIed Missouri lead. The 

Ponderay value was higher than major Bunker Hill, Idaho deposits, but closer lo the minor, nearby 

Oreille County, Washington ores. Mostly Utah ore was used in East Chicago. The Omaha soil 

reflects lead from Mexico, Colorado and Montana-

Keywords; Soil lead; Stable Isotopes; Smelters; History; Utah; "Missouri; Nebraska; Illinois; Indiana; Idaho; 

Oklahoma;Washington;Rerineries - f . t . . . - • . 
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1 . In t roduct fon 

Today, the American lead industry operates at only a fraction of its peak activity of many decadee ago. Elevated 

soil lead levels are often to be found around former lead ̂ elting-and refining sites'; This report examines how 

this excess soil lead isotopteally resembles the historically documented sources ofthe lead ore processed al that 

particular factory site. 

Current production of lead is approximately at levels last seen around 1910. Lead production peaked in the 

19203, with annual production of refined lead metal in the United States et nearly 750 kt, more than twice current 

levels (see Fig. 1). At that time, 21 primary smelters and refineries were in operation (Crane, 1927). Since then, 

the uses of lead in paint pigments and as a gasoline additive have been eliminated. Lead plumbing and cable 

covers have been largely replaced by other materials. Generally, there has been less demand for lead. The 

major use of lead today is in batteries, whteh use nscyded scrap, rather than newly mined, lead. Production has 

continued only at larger and increasingly efficient and expensive factories. As a result, there are fewer operating 

smelters and refineries in the United States. There were 7 in 1973 and only 3 primary lead smelters and 

refineries operating in 1999 (Smith, 1999), producing about 3SQ kt/year. Ttii$ tally is distinct from secondary 

smeHars, which deal in scrap or recycled lead items. Those operatici^s were rriuc^ sniailor and more numerous 

(Eckel etal.. 2001). . - . • • . . ? - . . , . . . 

" ^ • " - ' " 1 Display Full Sue version of this image (27K)-

Fig. 1. Annual primary production of refined lead in the^United^tates over the pas! 140 years. 

This lead i$ mostly from domestic mines, but Imported ore and bullion refined in tlie United States 

are included. Scrap or recycled lead Is not. Data are compiled fron> the US'Bureau of Mines 

Annual Minerals Yearbook- • ' - ; -

The lead factories, which closed down decades ago, are the basis of this investigation. Historical records and 

field samples have been used to trace the lead from mines to smelter, where the ore Is roasted driving off sulfur 

and converted to bullion, and onto a refinery for conversion of the bullion into lead metal (Hallows, 1943). This 

refined lead metal was used in making plumbing, electric cable covering, storage batteries and the 

manufacturing of white and red lead for paints and pigments and numerous other applications. Lead in its 

different grades of purity and fomis was used in practically every community in the country (Crane, 1927). 

Part of the rationale tor this study is tha wide variability oif isotopic abundance ratios among the four stable 

isotopes of lead found in different ore bodies woridwide. Ore bodies which were formed at different geological 

times woukf have different amounts of primeval lead, present when the Earth formed, plus lead produced as an 

end-product of the radioactive decay of uranium and thoriurn over the' tiistory' of the Earth up until the ore body 

1 r m y ,fi I: •r»/-«r-in , i»'r!/T>nr>Tir r 0- . i n P . f^r*^ i ^ ' rT\n t in -^nnn^ 
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was fornied. These isotopfc patterns have been well studied'and understood j(Doe,T970). These differences 
often allow lead to be traced and distinguished, whtoh has proven useful'nv geochemistry, environmental health 
and archeology (Rabinowlti. 1995). 

Table 1 shows the major lead producing states, their annual Outputs during the'peak years and the range of 
isotope ratios typically seen. The tonnage figures virere compiled fromihe United Staites Bureau of Mines Annual 
Yearbooks. Although there were lead producing mines operating in more than 20 ̂ tes , 3 states, Missouri, 
Idaho, and Utah, taken together, pmduced more than threerC|uarters of the lead. ore. . 

Table 1. 

Geographic sources of lead ores used by American srnelters and tttelr jeotope ratios 

Mine location Annual output Range o t ^ P b / ^ P b ratios 
kt/year 192&- . forinpj»t|eadpres, 
1935 ̂  exeludfi^g outliers 

Missouri plus Kansas and Oklahoma 298 

Idaho 123 

Montana , 22 

Colorado 22 

Utah 167 

Mexico 205 

20.0-22.7 

16.2-17.0 

i?.9-liB;2 

17.9-18.6 

18.5^18.9 

The tonnage figures were compiled from the UhitW^tk^'BUiesu btMiheg/vnniisI Yearbooks. 
The isotope data was compiled from Doe and Staeey (id74), Doe.etel;(1979), Heyl et al. 
(1974), Leach et ah (1998), Stacey etal. (1966) andi^rtman (19:̂ 4)? ' ' ^ 

The isotope data in Table 1 were compiled from the Lead Isotope Data. Bank (Doe, 1992), Doe and Stacey 
(1974), Doe el al. (1979), Heyl el al. (1974), Leach et al. (1998), Stacey et al. (1968) and Zartman (1974). The 
full range of observed vahjes for a state is not shown, but rather only the hange of the major deposits is shown, 
excluding outlier values which may be of geok)gical interest, but not rapresendative of the bulk of the ore mined. 
Table 2 shows some illustrative examples of publlsfted values of lead isptope ratios for a variety of samples from 
these different states and Mexico. Within a single mining district and within a single mine, the isotope values do 
vary (IDoe and Stacey, 1974), but general trends ar4 apparent. Overail, larger deposits have leas variable and 
lower =^Pl3/204pb ^tj05 Generally, the ̂ ^Pb/2**̂ Pb ratios of Missouri ores fall, within a range of about 20-23. 
while for ores from Colorado, Utah and Montana the values fall between 17.5 and 18.5 (Cannon and Pierce, 
1963, Doe et al., 1968, Graney et al., 1996, Sanford, 199? {tnd Unrufi et al., 2000). Mexican ores have 
somewhat higher and Idaho ores lower ̂ '̂ Pb/̂ ^^Pb r^'osjJairtM and Henry,'ip!̂ ^̂  

T a b t e 2 . ' " " ' - ' " - ' ' • • - • " • - • • • ' • ' . •• 

Some examples of published isotope ratios from majoî mintn'g dlsth'c^ '̂ 

Mining Sample and reference 
region 

.'Reported 
' 2b6pb/204p^ and 
:' 2'»Pb/»'^Pb ratios 

Missouri Herculaneum MO SnnBlter • 

Doe Run Metal 

RabinowitziaS 20.2 1.32 

Rabinowitz 03' 20.8 1.34 

—fnni^„,^a7 nh-Artir1pTTl?lr.,̂ ~ •udi=:B6V7S-4Fb3S0W-5&_usen=10«&_coverDat... 3/25/2008 
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Galena KS slag 

Richer OK ore 

Average SE Missouri ore 

Idafio Bunker Hill Mine, Coeur d'Alene 

Star Mine, Coeur d'Alene 
' * • • ' 

Average of 4 Bunker HHl Ingots ;' 

Average of 4 Pend Oreille WA mines 

Montana Emma Mine 

Lexington Mine 

Boulder Creek ^ 

Anselmo Mine 

Colorado Leadville/Gllman mine 

Leadville mines 

Lake City, Burrows Park 

lltati Tooele Smelter slag 

Midvalo Smelter soil 

Bingtiam, Lark mine 

Park City, Apex mine 

Mexico Taxco ore 

Zacatecae ore 

Santa Eulalia ore 

Tascatiio ore 

The other basis for this study is the long term persistence of leadpolfufion in soil (Chaney et al., 1989). Lead 

from factory operations, which falls on soil, is pooriy soluble andjiyill be retained for many centuries. Unless the 

site has been physically excavated or coverad, lead added decades ago should still be present in the topsoil. 

2. Area descriptions 

Fig. 2 is an outline map ofthe United States showing the major lead mining districts and the location ofthe five 

smelters and refineries sampled. Major lead mining districts are shownin Southeast Missouri and the Missouri-

Oklahoma-Kansas border. Colorado, Utah and in Northem Idaho. Srnailer, deposits were near the California-

Nevada border, in Southem Arizona and New Mexico, Northeast Washington and along the lllinoie-VVlseonsirH 

Iowa border. Table 3 provides an overview of the five sites investigated, the corporate'names and years of 

operation. Table 4 gives details of the soil sampling locations at each of these sites and the current land use. 
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Fig. 2. Map of the United States showing the five industrial'sites sarpP'ed (P for Ponderay ID, O 
for Omaha NE, A for Alton IL, C for CoHlnsville IL and E for East Chicago IN). Major lead mining 
distrtctfe ar® shown as shaded areas in Southeast Missouri and the Missouri-Oklahoma-Kansas 
border, two areas in Colorado centered In Durangoahd in Leadville. three close-by districts in 
Utah irt Bingham, Parte City and Tintic, and the Coeur d'Atene district In Northern Idaho. Smaller 
deposits were near the Califomia-Nevada bonier. in,Southern A.rizena and New Mexico, 
Northeast Washington, and along the Illinois-Wisconsin border. The Tooele and Milford, LIT 
smelter sites are shown with a T and M. ' .'. ' .- ' , ' > . -

Tables. 

Five primary lead smelters and refineries sampled 

Location Company 
name 

Brand 
name 

Operation Vears of Years Primary source? of ore 
operation plosed 

Collinsville, IL NL StAouis-sririelter refinery'1904-1938 66 

Alton, IL ASARCO Federal 'ysrneiterWinery" .190^^ 45 

Ponderay.lD IdahoS&RCo. Idaho^ ...Sraeltef . ~ > .V'1907-^1911 93 

East Chicago, IN ILR Anaconda'rfefihery "''='''* 1912-1948 52 

EP after 1948 EP refinery 1948-1952 

Omaha. NE ASARCO OandG refinery 1899-1997 7 

Missouri 

Missouri 

Local mines including NE Was! 

Utafi mostly, some Montana ar 

Mix of Colorado. Utah, Montan; 

ASARCO=American Smelting and Rifining Co., NL=Natinal Lead, ILR=IntemationaI Lead 
Smelting and Refining Co., EP=Eagle Richer, 0 and't̂ aOmal̂ a ar>dGrwt; — 

Table4. 

Sample locations and current land use 
' l U l It' 

Location ID Street address l ^ . ' W Long.° Date Current land 
• N ' " * collected u6e 

Ck>llinsville, IL 

386 1608 California 

387 Rotary Park 

388 100 Pine Lake Rd. 

390 88 Pine Lake Dr. 

38.6871 ' 89,^56 June 03 vacant lot 

3ia.689r 89.i968 ^ park 

38.6904 89.961 old gate house 

38,6917,, 89-969 , .,. home 

Alton, IL 

381 by rail gate 38.8751 90.140 June 03 

382 west of Chessen Ln. 38.8745 ^O;^© ^ • 

383 west of main gate 38.-8792 • 90.147 - - -

384 by main gate 38.8786 90.146 
• ' • ^ • • ' ' ' • i ' i • 

385 end of Cut St 38.8780 90,145 

industrial—closed 

industrial—closed 

industrial—closed 

indusfrial—closed 

industrial—closed 

; . - . . J . - . » rt* o m m rn î̂ ^n--} ^h~\^ir^}^iwixr ndi=RfiV7X-4Fr.^S0W-5& user^lO&.coverDat... 3/25/2008 



Mar-2S-2008 03:54pm From- T-496 P.OOr/015 F-992 

ScienceDirect - Science of The Total Environment; Lead isotopes in soils near five historic American lead... l ^ge b or 14 

Ponderay, ID 

396 end of Cedar Ave. 48.3013' 116.531 June 01 recreattonal 

East Chicago, IN 

498 4912 McCook Ave. 41.6242 87.466 March 00 vacant lot 

499 427 E149 St. 41.6236 87.467 housing complex 

501 Goodman Park 41.6258 87.470 park 

502 QoodmanPark 41.626ii:'87>4§9. • • park 

Omaha, NE 

376 4050 Ave. F 

378 Levee Not 1480 

379 Levee N of 1460 

380 Levee S of 1480 

41.2674 95.914 June 03 home 

41.26i21 95.919 conservation 

41.2617 95.919 conservation 

41J2590 95.919 conservation 

2.1.CollinsvHIe,Illinois : \ - ^ • 

The St. Louis Refining Company established its lead reflnery in nearby Collinsville, llUnois in 1904. it soon 

became part of National Lead (NL), also known as tiie LeMTmat. Ttifetaotory closed on November 21,1933, 

following a labor stnlte. T)w equipment was dismantled and shipped to Argentina (Stshman, 1992)-

The lead ore for this smelter came from Southeastem Missouri, across the Mississippi River. That area produced 

more than 40% of domestic lead ore during the twentieth bentury and remains productive today. Because most 

maritets tor lead metal at that time were to the east and beeausetolls across the river favored shipping ore east 

rather than shipping fuel for the smelters westward, this large operation was sited in Illinois, near coal mines, 

rather than near the lead mines. Zinc vmtks, which were e^en more fuel dependent, had been at the site since 

1873 (Norton, 1812). ^ ; , ; . -

These Missouri lead ores have low silver content, and so it is unnecessary to refine them extensively to extract 

the silver, in contrast to the complex ores more typically found in the Rocky Mountains where sliver is a valuable 

by-product. For those complex ores, a multi-step metallurgical extraction process was required. However, the 

Collinsville factory, and the similar worics In Alton, was eombihed strielter-refinery operations, since the refining 

part of the operation was relatively simple (Ellis, 1926). ' 
- ' > < . : • : ' , • • ' • ' • ^ : ' • • • • ••• • 

Today, the Collinsville smelter site is in a residential area, a $ubuib of St. Louis, with well-kept, single family 

homes. Illinois arxi Federal officials have said topsoil may need to be removed to protect citizerts. Slag piles 

were encountered as tt)e site was devetoped for housing.The officials Have focused on a 150 acre tract 

averaging 1300 pg/g, well above the 20-35 vig/g level iaken tb'be natural and d"af e and above the current 

Federal Environmental Protection Agency guidance levef fbr resi'deritial soife of 40b pg/g (Pierce. 2003). 

2.2. Alton, Illinois 

• i - . . . * / . - . • , - „ „ ' i «u_A^-«i/>Troi..ee .,M;f-Tifi^778-<ii;r^<5nw-'i*^ iK f tTa l f i ^ nnverDat.. 3/25/2008 
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The Federal lead works in Alton further nonh along the Mississippi, and also in Madison County, was begun by 

Ameriesn Smelting and Refining (ASARCO) in 1903. This site"was chosen because it provided high ground to 

protect the smelter from river flooding and t)lenty of swamp area adjoining to get rid of the slag quickly and 

cheapty" (Anon,, 1936). Other industries were already well estabr̂ shed in the town including glass and steel 

vtotks. In 1913, a bath house and mandatory clothing changes were provided for wori«er health protection. After 

several expansions, by 1926 the Federal plant was the largest lead smelter in the wortd (EHis, 1926). By 1936, 

40 acres of swamp were 40 ft deep under slag, made at200-:5001 daljyi amounting to 2.5 Mt since the plant 

began. For decades, the entire output of ihe plant was used for telephone cables. The smelter closed in 1959 

when plastics replaced lead in the coating for wires and the plant switched to smelting aluminum before etosing 

in 1981 (Klope. 1986). The kwatton today Is an unused, overgrovm site within an area devoted to heavy industry, 

awaiting economic rea^ivation. 

2.3. Ponderay, Idaho 

- • : : . - i t i . , . ^ - : . - ••• : ; • . : , v ; : v . - - - - , , • • • • 

By 1900 Idaho was a major lead, zinc and silver mining area, producing about 1/4 of all domestic laad. Mostly, it 
. - . - • t . ' ' ' . , ' • * . • • . • - , • . . ' , . : • " ' ' _ . • ; . - .̂  • I ' , 

was along the Coeur d'Alene River. During the early history of this district, the ores were transported to ASARCO 

works In Leadville, Colorado (open since 1879), Setby, Califomi^ (opened 1896) or Tacoma, Washington 

(opened 1896) for smelting and refining (Aiken, 1993). f^ot untii 1917 was the.large Bunker Hill smelter and 

refinery built in Kellogg, Idaho. Several small smelters operated until th'en: Idaho Smelting and Refining 

Company in Ponderay from 1907 to 1911, the North Fork Snieliin^ and Mining Company In EnaviJIe from 1910 to 

1911, the Red Bird Smelter Company in Clayton from '1912 to' 1916,'tlio Lemhj Srnelter (ionipany In Hahn from 

1910 to 1911 and the Greyhound Company in Sea Fbarn in i s ib . Tiiese small worics all ceased as the smelting 

operations consolidated in Kellogg in order to handle the output frorn the productive Idaho mines. The Bunker Hill 

smelter operated until 1981. Of these several small operatloris^only Ponderay was visited. 

Currently, the Ponderay smelter site is mariwd by a slag pile along the lake, which viras the major means of area- . 

wide transportation. Ponderay is about 80 miles from Kellogg. Old rails related tp plant operatkms are still 

present, neariy a century later, on the top of the slag heap by the |ake. During bpt weather, this is a popular 

swimming and picnic spot in a residential area. : ; " 

2.4. East Chicago, Indiana 

TTiis site is In an area of heavy industry. In 1911 International Smieldng'and Refining Company (ILR). a subsidiary 

of Anaconda Copper, constructed this refinery in EastX^fiipagpriMlana, near Chicago, Illinois, to process lead 

bullion from its smelters in Tooele, Utah, and fn>m the ASARCO srnelter In East Helena, Montana. The Tooele 

bullion was cast in four-ton slabs and the East Helena bullion in '100-lb bars, both arriving by rail. Ttie lead bullion 

was de-silvered and refined to make nearly pure lead anodes (Johnson, 1929). 3ome of these anodes were 

etectrolyttoally converted to white lead (a hydrated lead carbonate) at the same East Chicago factory, for use as 

lead paht pigment, sold under the Anaconda labej (Meckel. 1934). Zinc oxide, sliver and antimonial lead were 

also produced, besides lead metal. 

Large Steel mills and chemical factories were In this area and the i'mmedlate'̂ neighbbriiood in ^ast Chicago 

hosted other lead worf<s. In 1910, US Smelting and Refining (USS) had built an electrolytic lead refining works, 

less than a mile away from the ILR factory. However, until it closed in 1972, during most of its life, it was a 

secondary smelter processing scrap lead metal, often from batteries. Only lead refined directly from lead ore, not 

secondary scrap lead, was used to make con-oding grade lead, essential lor the production of white lead paint. 

This high purity grade of lead metal was called corrbdfng because rnost white lead was made by corroding the 

metal- For white paint to be satisfactory, it had to be free of irnpijnties." whteh might affect tho color, so this 

premium corroding grade of refined lead metal was manufabttiredi VVIthlri TO rnilesof the ILR refinery in Calumet, 

Illinois, the large Shenivln-Wllliams Paint Company operatecfcon'OdJhg sheds (1919-1953) where white lead was 

i n r \ M f \ v \ ^ f t 1 «K^Ar+,>iatTT?T .fr •»iiii,R?sV7R-4F(^3S0W-5& users=10&_coverDat,.. 3/25/2008 
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made from lead metal. The Glidden Company operated alffeirge and red lead pigment factory within 2 miles of 

the ILR refinery, in Hammond, whteh required lead. Many other customers for.lead rnetal operated in this 

industrtaf area. Eagle Picher (EP) briefly owned the ILR refinery operation for 6 years before it closed In 1952 

(Schulanberg, 1968). 

SirKe 19€8, when the ILR site was rehabilitated, including extensive soli excavation and replacement, it fias 

Iseen a Federal Housing and Urban Development housing .complex. Today; the oktJLR Anaconda factory site 

contains several apartment houses and a recreation buikling.(tbe.old'Zltic works)., Additionaliyi a park with 

playgrounds was created from the Northem end of the factory site. The immediate surrounding neighborhood is 

economically depressed, with small multifamily housing. . 

The lead bullion for this refrnery came largely from tfie ILR sriielterin Tooele, Utat^. Since the 1870a, lead ores 

from various mines In Utah were smelted in SaH Lake Cityi'a'valley. fibwever, law siiits by ^nners forced 

smelters within Salt Lake City to close. So, in 1911, ILR began construction ot the Tooele smelter in the next 

vaHey, to handle kical ores from 15 mines in the nearby I'mghaiin bistnct. Park d | i^ and Tmtic, and also some 

ore concentrates transported from Idaho and Nevada rrahes. i>ie Tobeie snieiiei' otosed iri 1974, long after the 

East Chicago refinery closed (Dunlavy, 1986). ' 

2.5. Omaha , (siebraska 
. • • • « . : . . . ; • ' • V . ' • : • : . ' i ^ " * . < ! : ! ' . ; • • * . • . . • • • 

The first lead refinery in omaha. Nebraska was started In 1870', and by 1885 there was a white lead factory 

(Heckel, 1934). The large Omaha ASARCO plant was not Built uriita 1899. it wso'hamed "Ornaha and (Stanf after 

its builder, James B. Grant, Later Governor of Colorado. It was a refinery, the smelting having been closer to the 

mine sites around the West. This placed the reflneiy on the rail lines, closer to the Eastem maricets. It received 

lead bullion from widely spread ASARCO smelters: Leadville (1679-11^61) and Durango, Colorado (1882-1938), 

Midvale, Utah (1905-1958), Chihuahua (1907-1938) ani^ d^ahu1ia'(1933-f938)', Mexkio, El Paso, Texas (1886-

1985), which also smelt Mexican ore$ along with .tome ieadore from Arlibria and New Mexico, and East Helena, 

Montana (1889-April 2001). Of these, only the East iHeleri^sme^ter was stilloperating when the Omaha refinery 

closed in December 1997, For those few years from 1997 W i^odT, that bullion was sent to Mexico for refining. 

The Omaha refinery site itself was cleaned and decontaminateid and, today, K serves as a park and restaurant. In 

November 1999, ASARCO was bought by Gmpo Mexico S.A. de C.V. The plant emissions have Impacted a 

large part of the dty of Omaha, requiring remediation of 8840 acres with 66,515 residents and 20 public schools, 

because their soil lead levels exceeded 400 pg/g (US EPA^ 2002)^ The samplesireported here were taken from 

just East across the river in Council Bluffs, Iowa, less than 1.km away. > ^ 

3. Methods V ; ; 

Soil and slag samples were taken from tbe top 2 cm, typicaljy^flve 20-g samples fronri over an area of 1 m^ using 

a plastic scoop, choosing spots with minimai vegetation or ihf(Uencet>y any heari>y structure or road. These 

samples were dried, hand cnished, and coarsely sieved wittii a irririm miesh stainless steel screen. The lead was 

extracted using 10% nitric acid at room temperature for^ days. AHquots were diluted for atomic absorption flame 

spectrophotometry with background correction to detemnine the lead concentrations of the solutions. The results 

are expressed as pg Pb/g dry soil material. When abnormaiiylrigh values were'found, for example, more than 

1000 pg/g at a site of an old lead factory compared to natural levels of less than 50 pg/g, and in the absence of 

other potential sources like highways, bridges, buildings and other industries, it Is assumed that essentially all of 

the lead in the sample came from that factory. " " 

These samples, thought to reflect the emissions from the lactories," were then further diluted for isotopic analysis 

with a single collector, sector field mass spectrometer using plasma ionization (SFICPMS, Pinnigan MAT model 

Element I) by Lary Ball of the Woods Hole Oceanographic Institute. Quality assurance was addressed using 

I—•-•"• ; J : — - . .«—raoJn^n^'* «K_ftrt^irtlfttTtiT • iV ' i > / i ; iD ( i ; \ / 7e^T i r ^< !nW. ,SA iis(»r--inA- r r t v f r n a t ^/?,5/7.f)OR 
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National Institute of Standards and Testing standard reference material #981 analyzed along with each batch of 
samples. Ten assays gave a mean value 20Spt,/204pb of ie.94JS,D. 6.01), ̂ b l ^ ^ P b was 1-0933 (S.D. 
0.0008) and ̂ '̂ ^Pb.i'̂ ^Pbviai 0.4615 (S.D. 0.0002), which is'lndistingulshabie from tfie certified values of 16.93, 
1.0930 and 0.46i8, respectt'veiy. The analytical uncertainty was much tess tiwi the range of valiies 
encountered, . , v- ;. i i, , •; r 

4. Results 

Table 5 contains the soli lead concentrations and isotopic abundance ratios and Fig. S provides a scatter graph 
of the isotope ratios. Only the samples with the highest leadiconcentratiohsi at each site were submitted to 
isotopic analysis. At the ColllnsvHIe and /Vlton sites, similar patterns are apparent! Higb concentrations could be 
found, and the isotope ratios resemble Missouri lead, with ̂ fb/^'^Pb ratios we|l above 20. These values are 
entirely consistent with the sun/ey of Southeastem Missouri ores reported ijy î eyl et alV (1974). Ttiey reported an 
average of 131 ore samples of 20.8, ranging from 19.96 to 21.46 (Table 2). , 

Tables. 

Soil sample lead data 

Location ID # 

Collinsville, IL 

386 

387 

388 

390 

Lead (pg/g) 

190 

117 

12,740 

1,625 

Isotope 

206pD/204p|j 

20.52 • 
. • - • . . 

20.92 

20.68 

^ • • . . - . • ^ , . • 

' ' / ^ ' ' . ' • • - ' . 

Al>undance 

206pb/207pb 

• • • ' . ' v ' ' J ' ' . . • ; . 

n.29& ' -

.1.352 • 

1.306 

. : ^ - . • : i r v • • . ; • • • 

( * " • : . . " . • . . • • 

Ratio 

206p|3/2OBpb 

0.518^> 
. ' • . ' • " » • " ' * . • • • • • - • •.• • . 

0.560 

0.521 

Alton, IL 

361 

382 

383 

384 

385 

Ponderay. ID 

396 

17,202 

274 

680 

4,156 

2,454 

>1,000 

Bast Chicago, IN 

498 

499 

501 

1,360 

545 

430 

20.52 

20.52 

20.34 

17.71 

18,59 

18.66 

18.49 

;1;297 •••' 

- ' , ' : ' - " . / • . • • ' " • • / • . 

1.297 

1.287 

J " • 

I7l37 

' • ' : .< • ' • 

1.191 

1.192 

1.188 

0.5t9 

^.519 

6.5{$ 

• • • - V 

6.470 

6.484 

0.485 

0.485 

' " "' J.-'-J.-'.^* in^in^n '̂} nh-ArTi,-tpTTPT_^ n^i-Rfiy78^Fr^.snW-5& u.sei=10& coverDat... 3/25/2008 
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502 

Omaha, NE 

376 

378 

379 

380 

475 

80 

441 

164 

112 

18.50 

18.51 

18.69 

1.190 

1.187 

1.197 

0.485 

0:48S:' 

0.485 

^«*'.» j Display Full Size version of this image (13K) 

Fig, 3. Scatter plot of lead isotope ratios. The soil samples from the five sites are triangles pointed 

up and down for Collinsville and Alton, the circles for Omaha, the diamonds for East Chicago and 

the square for Ponderay, Major mining districts are shown as letter6,-Bf«M Bunker Hill, U for Utah, 

m for Montana, C for Colorado, X for Mexico and M foriMlesouri. Thesmall I's represent four 

Idaho Ingot samples from the Bunker Hill refinery, and the small o is for an Omaha and Grant 

ingot. , ,^ _ ^ . . . . . 

The Ponderay value of 17.7 was neariy exactly the same as what we found for one of the Bunker Hill ingots, cast 

in 1950 (Rabinowitz, 2002), although higher than the values'seen in the large Coeur D'Alene lead ore deposit, 

which are closer to 16.2 (Leach et al., 1998). This indicates that most of the lead ore came from outside the 

extensive Coeur d'Alene deposits, which are about 80 miles away. More likely, the ore came from minor deposits 

from nearby Pend Oreille County. Washington, only 30 miles away by water, which are reported to average 17.4, 

ranging from 16.5 at the Newport mine to 18.8 at the Halfmoon Lake mine (Srhall. 1973). 

The soil Isotope values from East Chicago, with a ^°*Pb/^^Pb near 18,5, are not consistent with only Utah and 

Montana ores as sources, but rather could be accounted fbr by a mixture o f abogt foiir parts lead from Utah with 

a value less than 18, or Montana with ™^Pb/°"Pb values near 18,,with about orie part lead from Missouri, which 

has a ratio above 20 (Table 2). In that, Missouri was the taigest'lead producer and was rhuch closer than Utah to 

East Chicago, and Eagle Picher (EP) had large lead interests in Southwest Missouri Tri-State area, this addition 

of Missouri lead would not be surprising. 

Tlie Omaha soil ^^Pbl^°*Pb values near 18.5 or 18.6 are not far from the one Omaha and Grant "mgot sample 

reported as 18.1 (Rabinowitz, 2003). Over Its decades of operation, that refiriery received varying amount of lead 

from smelters In Mexico, Cotorado, Montana, Texas and Utah depending on tariffs and mine outputs, so its 

isotope value would not stay constant but would vary over a range. A similar pattern was noted at the Selby, 

California refinery where sources of lead ores varied over the many decades of pparatlon and a particular batch 

of metal was isotopically different from accumulated factory''effluent seen iri nearby soils (Rabinowitz and 

Wetherill, 1972). 

5. Discussion 

In a previous report (Rabinowitz, 2002) on variations of tlielsbtopicbbrripositior) of different American brands ot 

»„-».rno.!„«„„o „K_Aw^rt i«Tn>T *r i i r t i -T i / i ; v78 / iTSP ' ^ ' snW- ' ; * iK«'rs: l f tA' rsriVfirDnt... .^/2.')/2008 
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Lary Ball ot the Woods Hole Oceanographic Institut© perfoimed.tlie mass 5RSiCtwm.etry. Bnice Doe provided a 

1992 copy of the Lead Isotope Data Bank- Dene Rabinowjteassistwljn^the fteljj wllectlonB. John Amonson of 

the Wailao© Idaho District Mining Museum. Donald Huber. Township Supervisor of Alton IL, Donald Burgess of 

Coliinsvlile IL and Pat Salvo of CouncH Bluff IA kindly provided local historic Information- Richard Smyers and 

Gloria Dosen of the East Chicago IN Public Library were exceptionally helpful in searching corporate records. 
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